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ABSTRACT 
Over 1500 h o u r s  of d a t a  from t h e  s a t e l l i t e s  IMP 1, 2 and 
3 have been used  t o  s t u d y  t h e  c o n f i g u r a t i o n  of t h e  magnet ic  f i e l d  
i n  t h e  o u t e r  magnetosphere between 5 and 18 RE. 
f i e l d  v e c t o r s  were p r o j e c t e d  i n  t h e  s o l a r  magnet ic  e q u a t o r i a l  
p l a n e  and i n  24 m e r i d i a n  s e c t i o n s  co r re spond ing  t o  each  hour 
o f  local  t i m e .  The p l o t s  show t h e  sweeping back of t h e  f i e l d  
Hourly a v e r a g e  
toward  t h e  t a i l  and t h e  dawn and dusk t r a n s i t i o n  from compressed 
d a y s i d e  f i e l d  l i n e s  t o  extended n i g h t  s i d e  f i e l d  l i n e s .  Con- 
s t a n t  B c o n t o u r s  i n  t h e  e q u a t o r i a l  p l a n e  were c o n s t r u c t e d  and 
f l u x  c o n s e r v a t i o n  w a s  used  t o  e s t a b l i s h  a q u a n t i t a t i v e  r e l a t i o n -  
s h i p  between t h e  e q u a t o r i a l  c r o s s i n g  p o i n t  of a n  o u t e r  magneto- 
s p h e r e  f i e l d  l i n e  and t h e  l a t i t u d e  of i ts e a r t h  i n t e r s e c t i o n .  
A c o n t o u r  diagram i n  t h e  e q u a t o r i a l  p l a n e  d e s i g n a t i n g  t h e  l a t i -  
t u d e  of f i e l d  l i n e  o r i g i n  p e r m i t s  t h e  mapping of low a l t i t u d e  
phenomena t o  t h e  e q u a t o r i a l  p l ane  and v i c e  v e r s a ,  Auro ra l  ova l  
f i e l d  l i n e s  are found t o  come from t h e  r e g i o n  o f  t h e  magneto- 
p a u s e  i n  t h e  d a y l i g h t  hemisphere b u t  from w e l l  w i t h i n  t h e  mag- 
n e t o s p h e r e  i n  t h e  n i g h t  hemisphere,  The outermost  c l o s e d  f i e l d  
l i n e  is found t o  come from approx ima te ly  7 8 O  throughout  t h e  day- 
s i d e  hemisphere  
1. INTRODUCTION 
S o l a r  Wind compression of t h e  e a r t h ' s  d i p o l e  magnet ic  
f i e l d  on t h e  sunward s i d e  of t h e  e a r t h  h a s  been i n v e s t i g a t e d  
by many spacecraft  ( e . g . ,  C a h i l l  and Amazeen, 1963; N e s s  e t  a l . ,  
1964) .  Sweeping back of t h e  geomagnet ic  f i e l d  n e a r  t h e  dawn and 
dusk m e r i d i a n  w i t h  accompanying i n f l a t i o n  of t h e  magnetosphere 
(Mead and C a h i l l ,  1967; F a i r f i e l d  and N e s s ,  1967; C a h i l l ,  1965; 
Heppner e t  a l . ,  1967) and f o r m a t i o n  of t h e  geomagnet ic  t a i l  
(Ness 1965) have a l s o  been observed  e x p e r i m e n t a l l y .  To 
q u a n t i t a t i v e l y  r e p r e s e n t  t h e s e  magnetosphere magnet ic  f i e l d s ,  
s p h e r i c a l  harmonic a n a l y s e s  of ground magnet ic  measurements 
have g e n e r a l l y  been used  as  t h e  s t a r t i n g  p o i n t .  D e s c r i p t i o n s  
assuming n o  c u r r e n t  s o u r c e s  o u t s i d e  t h e  e a r t h ' s  s u r f a c e  a re  
a d e q u a t e  o u t  t o  s e v e r a l  e a r t h  r a d i i  and t h e  u s e  of L s h e l l s  
and i n v a r i a n t  l a t i t u d e s  (McIlwain,  1961) i n  s t u d y i n g  t r a p p e d  
p a r t i c l e s  h a s  been v e r y  s u c c e s s f u l  i n  e l i m i n a t i n g  t h e  e f f ec t s  
due t o  d e p a r t u r e s  of t h e  geomagnet ic  f i e l d  from a s i m p l e  d i p o l e .  
T h e s e  models a l s o  a l l o w  h i g h  a l t i t u d e  e q u a t o r i a l  measurements 
o u t  t o  s e v e r a l  e a r t h  r a d i i  t o  be r e l a t e d  t o  low a l t i t u d e  h i g h  
l a t i t u d e  measurements on t h e  same f i e l d  l i n e s .  Beyond s e v e r a l  
e a r t h  r a d i i ,  however, e x t e r n a l  c u r r e n t  s o u r c e s  ( e q u i v a l e n t l y  
d e s c r i b e d  a s  c o m p r e s s i o n - i n f l a t i o n  e f f e c t s )  become i m p o r t a n t  
a n d  L c o o r d i n a t e s  based  o n l y  on i n t e r n a l  s o u r c e s  can  no l o n g e r  
b e  used  t o  re la te  t h e  f o o t  of a f i e l d  l i n e  t o  i ts e q u a t o r i a l  
p l a n e  c r o s s i n g  p o i n t .  
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T h e o r e t i c a l  models  which i n c l u d e  compress iona l  e f f e c t s  
(e.g. , Mead, 1964;  Hones, 1963) have d e s c r i b e d  t h e  sunward 
magnetosphere q u i t e  w e l l ,  b u t  i n a d e q u a t e  u n d e r s t a n d i n g  of 
phenomena a t  t h e  magnetopause h a s  p r e v e n t e d  a s t r i c t l y  
t h e o r e t i c a l  d e s c r i p t i o n  o f  t h e  n i g h t  s ide magnetosphere 
and  geomagnet ic  t a i l .  T h e o r e t i c a l  models have been ad- 
j u s t e d  t o  a g r e e  w i t h  t h e  measurements ( W i l l i a m s  and  Mead, 
1965;  T a y l o r  and Hones, 1965) b u t ,  c l e a r l y  e x p e r i m e n t a l  re- 
s u l t s  w i l l  be of pr imary  importance i n  u n d e r s t a n d i n g  magneto- 
s p h e r i c  f i e l d s  u n t i l  t h e r e  e x i s t s  a bet ter  unde r s t and ing  of 
t h e  so la r  wind-geomagnetic f i e l d  i n t e r a c t i o n  and t h e  dynamic 
p r o c e s s e s  of t h e  magnetosphere.  
Over 1500 h o u r s  of d a t a  from t h e  s a t e l l i t e s  IMP 1, 2 and 
3 have  been used  t o  d e r i v e  an improved d e s c r i p t i o n  of t h e  o u t e r  
magnetosphere .  The d a t a  were a n a l y z e d  i n  a manner such  t h a t  
t h e  e a r t h  i n t e r s e c t i o n  p o i n t  of a h i g h  l a t i t u d e  f i e l d  l i n e  may 
be re la ted t o  its e q u a t o r i a l  c r o s s i n g  p o i n t .  With t h i s  i n f o r -  
m a t i o n  t h e  p o s i t i o n  of v a r i o u s  f i e l d - r e l a t e d  phenomena measured 
a t  low a l t i t u d e s  and h igh  l a t i t u d e s  can  be p r o j e c t e d  a l o n g  f i e l d  
l i n e s  t o  t h e  p o s s i b l e  l o c a t i o n  of t h e i r  s o u r c e  i n  t h e  e q u a t o r i a l  
p l a n e .  I n  a d d i t i o n ,  i n fo rma t ion  from e c c e n t r i c  e q u a t o r i a l  sa te l -  
l i t e s  can  be re la ted t o  t h a t  from p o l a r  o r b i t i n g  l o w  a l t i t u d e  
s a t e l l i t e s .  
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2. METHOD OF ANALYSIS 
The t e c h n i q u e  used  t o  e s t a b l i s h  t h e  e q u a t o r i a l  c r o s s i n g  
p o i n t  of a magne t i c  f i e l d  l i n e  is based  on the  c o n t i n u i t y  of 
m a g n e t i c  l i n e s  Of force (v.s=o). 
a l l  l i n e s  of f o r c e  c r o s s i n g  th rough  t h e  e a r t h ’ s  s u r f a c e  must 
somewhere c r o s s  t h e  e q u a t o r i a l  p l a n e  b e f o r e  r e t u r n i n g  t o  t h e  
earth i n  t h e  o p p o s i t e  hemisphere .  P a r t  of t h e  f l u x  from h i g h e s t  
l a t i t u d e s  w i l l  cross t h e  e q u a t o r i a l  p l a n e  f a r  downstream i n  t h e  
Use is  made of the f ac t  t h a t  
geomagnetic t a i l  or even by way of i n t e r p l a n e t a r y  s p a c e  and 
t h e  s u n ,  b u t  lower l a t i t u d e s  l i n e s  w i l l  cross t h e  e q u a t o r i a l  
p l a n e  w i t h i n  t h e  magnetosphere.  T h e r e f o r e  t h e  f l u x  th rough  t h e  
e a r t h ’ s  s u r f a c e  as a f u n c t i o n  of l a t i t u d e  may be e q u a t e d  t o  
f l u x  through t h e  e q u a t o r i a l  p l a n e  as  a f u n c t i o n  of d i s -  
t a n c e  i n  the  e q u a t o r i a l  p l a n e ,  y i e l d i n g  t h e  e q u a t i o n  
LrOL’Z(@) COS 0 d 8 d d -  ln, JR ‘yn ( r )dA 
(1)  
T h i s  e q u a t i o n  p r o v i d e s  a r e l a t i o n s h i p  between any  l a t i t u d e  
QL and t h e  e q u a t o r i a l  c r o s s i n g  d i s t a n c e  of  its f i e l d  l i n e ,  
R. I n  t h i s  e q u a t i o n  cos QdQdb is a n  e l emen t  of a n  area 
on t h e  e a r t h ’ s  s u r f a c e  (r=l)  w i t h  l a t i t u d e  8 and l o n g i t u d e  
d ;  Z(Q> is t h e  f i e l d  th rough  t h e  ea r th ’ s  s u r f a c e  wh ich ,  
assuming a d i p o l e ,  e q u a l s  2Bo s i n e  w i t h  Bo= .31 g a u s s  = 
31000 ( C a i n  and Hendr i cks ,  1 9 6 8 ) ;  Bn is t h e  f i e l d  th rough  
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t h e  e q u a t o r i a l  p l a n e  as a f u n c t i o n  of  r a d i a l  d i s t a n c e ;  and dA 
is  a n  area e lement  i n  t h e  e q u a t o r i a l  p l a n e .  The l o n g i t u d e  
i n t e r v a l  a t  t h e  e a r t h ' s  s u r f a c e  must be  a s s o c i a t e d  w i t h  t h e  
l o n g i t u d e  r e g i o n  i n  t h e  e q u a t o r i a l  p l a n e  through which t h e  
f i e l d  l i n e s  p a s s .  L i n e s  of f o r c e  f r o m  d i f f e r e n t  l o n g i t u d e s  have 
d i f f e r e n t  e q u a t o r i a l  c r o s s i n g  p o i n t s  due t o  t h e  asymmetr ica l  
d i s t o r t i o n  of t h e  s o l a r  wind and i t  is  n e c e s s a r y  t o  a p p l y  
e q u a t i o n  (1 )  indepenc:.ently t o  d i f f e r e n t  l o n g i t u d e  i n t e r v a l s .  
Knowledge of what l o n g i t u d e  a t  t h e  e a r t h ' s  s u r f a c e  is related 
t o  what l o n g i t u d e  i n  t h e  e q u a t o r i a l  p l a n e  h a s  been o b t a i n e d  
from t h e  d a t a  of t h e  s a t e l l i t e s  IMP 1, 2 and  3 .  
The p rocedure  i n v o l v e d  t h e  u s e  of  h o u r l y  a v e r a g e  f i e l d  
v a l u e s  which were r o t a t e d  t o  s o l a r  magnet ic  c o o r d i n a t e s  
( F a i r f i e l d  and  N e s s ,  1967) (Z  a x i s  a l o n g  t h e  d i p o l e  a x i s ,  X 
a x i s  i n  t h e  Z-ear th  s u n  l i n e  p l a n e  and  Y comple t ing  a r i g h t  
handed o r t h o g o n a l  s y s t e m ) .  The v e c t o r  p r o j e c t i o n s  were t h e n  
p l o t t e d  i n  t h e  XY p l a n e .  Southern  hemisphere d a t a  are shown 
i n  F i g u r e  1. A l l  d a t a  have been p l o t t e d  i n  t h e  d a y l i g h t  hemisphere  
b u t  o n l y  a l t e r n a t e 2 , h o u r s  have been p l o t t e d  i n  t h e  n i g h t  hemisphere .  
A d d i t i o n a l  data have been e l i m i n a t e d  i n  t h r e e  s m a l l ,  u n u s u a l l y  
crowded r e g i o n s .  The o u t s t a n d i n g  f e a t u r e  of t h i s  data s e t  is 
i ts  r e l a t i v e l y  c o n s i s t e n t  behav io r  w i t h i n  any  one  r e g i o n  of 
t h e  e q u a t o r i a l  p l a n e .  T h i s  i s  t r u e  d e s p i t e  t h e  f a c t s  t h a t :  
( 1 )  t h e  d a t a  w e r e  t a k e n  by  t h r e e  d i f f e r e n t  s a t e l l i t e s  d u r i n g  
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the time intervals November 1963 - May 1964 (IMP-1), October 
1964 - April 1965 (IMP-21, and May 1965 - May 1967 (IMP-3), 
(2) all data was used with no allowances for different solar 
wind conditions or different levels of geomagnetic activity; 
and (3) the latitude Df the measurements ranged from the 
predominantly equatorial measurements of IMP-2 to quite high 
latitude measurements ( 70') of IMP-3 late in its lifetime. 
From Figure 1 it can be concluded that, at least to a 
first approximation, the field lines from a given longitude 
region on the earth are swept back toward the tail with the 
field lines from different latitudes tending to remain in 
the same longitude section. (Exceptions to this statement 
such as the vectors near X=2.5 R 
high latitude IMP-3 measurements where the field lines are 
going back over the south pole intothe geomagnetic tail). 
Figure 1 shows twenty-four of these longitude sections which 
have been sketched in with these data and the similar northern 
hemisphere vectors as a guide. The sections were constructed 
for the dawn hemisphere and have been reproduced symmetrically 
in the dusk hemisphere to help illustrate to what extent the 
field configuration is symmetrical in the two hemispheres. 
Although there is accumulating evidence for a dawn dusk asymmetry 
in magnetospheric phenomena, such effects in the average field 
configuration are not evident in Figure 1. Equation 1 was 
applied to each one of these sections in the dawn hemisphere 
with the areas shown in Figure 1 being the areas 
Y=-5Re are almost all very e' 
-6 - 
a s s o c i a t e d  w i t h  co r re spond ing  1 5 O  l o n g i t u d e  i n t e r v a l s  a t  t h e  
ear th ' s  s u r f a c e ,  
The  h igh  c o n c e n t r a t i o n  of d a t a  i n  t h e  dawn h e x i s p h e r e  of 
F i g u r e  1 is due t o  t h e  fac t  t h a t  IMP-1 and  2 w i t h  6-month l i f e -  
t i m e s  made measurements p r i m a r i l y  i n  t h e  dawn hemisphere.  IMP-3 
w i t h  a two-year l i f e t i m e  made t w o  c i r c u i t s  of t h e  e a r t h  and con- 
t r i b u t e d  a l l  t h e  measurements i n  t h e  dusk hemisphere.  Since f i e l d s  
are o f t e n  above t h e  40y s a t u r a t i o n  l e v e l  of t h e  f l u x g a t e  mag- 
n e t o m e t e r s  (Kess e t  a l . ,  1964; F a i r f i e l d  and  N e s s ,  1967) flown 
on these s p a c e c r a f t ,  there i s  a p a u c i t y  of measurements i n  t h e  
s u n l i t  hemisphere.  The f e w  e x i s t i n g  measurements n e a r  t h e  sub- 
s o l a r  p o i n t  are main ly  from IMP-3 nea r  t h e  weak f i e l d  r e g i o n  
a t  h i g h  l a t i t u d e s  where f i e l d  l i n e s  t u r n  back ove r  t h e  pole.  
Advantageous f i e l d  o r i e n t a t i o n  a l lowed  measurement of fields 
g r e a t e r  t h a n  4 0 y  a t  many of t h e s e  t i m e s .  
Values  of Bn for  u s e  i n  e q u a t i o n  1 were o b t a i n e d  from IMP-2 
which,  w i t h  a r e l a t i v e l y  l o w  apogee of 15 .9  RE, was t h e  on ly  
one of t h e  three spacecraft making measurements n e a r  t h e  equa- 
t o r i a l  p l a n e  w i t h i n  18 RE of the  e a r t h .  
m a g n e t i c  c o o r d i n a t e s  were scanned fo r  t i m e s  of e q u a t o r i a l  
c r o s s i n g  which g e n e r a l l y t o o k  place n e a r  t h e  s o l a r  magnet ic  
e q u a t o r i a l  p l a n e  and were r e a d i l y  de tec tab le  from t h e  change i n  
f i e l d  o r i e n t a t i o n .  Values of B were de termined  a t  these t i m e s  
and  p lo t t ed  on a n  e q u a t o r i a l  p lane  diagram. T i m e s  when an  un- 
u s u a l l y  d i s t a n t  or c l o s e - i n  magnetopause created a n  u n u s u a l l y  
weak or s t r o n g  f i e l d  were e i t h e r  omit ted o r  a p p r o p r i a t e l y  ad- 
Data p l o t s  i n  so la r  
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justed. Explorer XI1 data (Hyde and Cahill, 1967) were used 
to help fill in the subsolar region where fields were too 
strong t o  be measured by IMP-2. An observed 25y noon- 
midnight asymmetry at 6 . 6  R (Coleman and Cummings, 1967) 
was also incorporated in the data. The measurements formed a 
consistent picture and contours of constant 9 were drawn and 
are shown in Figure 2. This figure then supplied the values of 
B for equation 1. The magnetopause boundary in Figures 1 and 
2 was drawn using boundary crossings from three IMP satellites 
plus OGO-A (Heppner et. al., 1967). 
e 
n 
A dipole magnetic field was assumed inside 5 RE where the 
IMP spacecraft do not provide measurements. Cahill (1966) 
indicates that departures from a dipole field near 5 Re are 
of the order of 20Y except during disturbed periods and during 
times with storm time ring currents. Consequently a 248Y dipole 
field at 5 RE connecting to 63O26' latitude was assumed at the 
inner edge of the region studied in this paper. The integration 
of equation (1) was carried out analytically at the earth's 
surface and graphically in the equatorial plane to obtain the 
relation between latitude and equatoral crossing point in each 
of 13 longitude regions in the dawn hemisphere at latitudes above - 
Results are presented in section 3 and possible 63O26'. 
errors and uncertainties are discussed in the Appendix. 
RESULTS 
R e s u l t s  r e l a t i n g  t h e  l a t i t u d e  of  a f i e l d  l i n e  t o  i t s  
e q u a t o r i a l  c r o s s i n g  p o i n t  a r e  p r e s e n t e d  i n  F i g u r e  3 .  T h i s  
f i g u r e  shows a view i n  t h e  magnet ic  e q u a t o r i a l  p l a n e  where 
s o l i d  l i n e s  are  c o n t o u r s  d e s i g n a t i n g  t h e  l a t i t u d e  of  o r i g i n  
of  t h e  f i e l d  l i n e s  th rough  t h a t  l o c a t i o n .  The dashed l i n e s  
d e s i g n a t e  t h e  m e r i d i a n  s e c t i o n s  of  F i g u r e  1 i n d i c a t i n g  t h e  
l o c a l  t i m e  o f  t h e  f o o t  of  t h e  f i e l d  l i n e .  S o l i d  and dashed 
l i n e s  a re  a l s o  l i n e s  of c o n s t a n t  cuandd r e s p e c t i v e l y  i n  t h e  
geomagnet ic  E u l e r  p o t e n t i a l  s y s t e m  ( S t e r n ,  1967) .  F i e l d  l i n e s  
n e a r  t h e  magnetopause c a n  b e  s e e n  t o  connec t  t o  approx ima te ly  
7 8 O  l a t i t u d e  i n  t h e  l o c a l  t i m e s  0600-1200. F i e l d  l i n e s  
i;bove t h i s  l a t i t u d e  are  e i t h e r  swept back o v e r  t h e  p o l e  i n t o  
t h e  geomagnet ic  t a i l  or e lse  t h e y  may connec t  t o  i n t e r p l a n e t a r y  
l i n e s .  The tendency  of t h e  c o n t o u r s  t o  move away from t h e  
e a r t h  w i t h  i n c r e a s i n g  a n g l e  from t h e  sun  d i r e c t i o n  is due t o  
t h e  weakening of t h e  f i e l d  s t r e n g t h  which r e q u i r e s  t h e  f i e l d  
l i n e s  t o  e x t e n d  f u r t h e r  from t h e  e a r t h .  The approximate ly  
c o n s t a n t  l a t i t u d e  of f i e l d s  nea r  t h e  boundary i n  t h e  0600-1200 
loca l  t i m e  r e g i o n s  means t h a t  t h e  i n c r e a s i n g  area of t h e  s e c t i o n s  
f u r t h e r  away from t h e  s u n  d i r e c t i o n  is ba lanced  by t h e  d e c r e a s i n g  
magni tude  of t h e  f i e l d  s t r e n g t h  so  t h a t  t h e  f l u x  w i t h i n  t h e s e  
s e c t i o n s  is c o n s t a n t .  
Using F i g u r e  3 ,  s e v e r a l  h igh  l a t i t u d e  low a l t i t u d e  phenomena 
have  been mapped a l o n g  f i e l d  l i n e s  i n t o  t h e  e q u a t o r i a l  p l a n e  
a n d  are shown i n  F i g u r e  4 .  T h e  shaded  r e g i o n s  i n  t h i s  f i g u r e  
d e s i g n a t e  t h e  au ro ra l  o v a l  of F a l d s t e i n  (1963) r e p r e s e n t i n g  
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t h e  l o c a t i o n  of r e g i o i i s  01 h i g h  p r o b a b i l i t y  of o c c u r r e n c e  of 
8urOr;L. T h i s  a u r o r a l  o v a l  is though t  t o  cor respond t o  t h e  r q i o n  
Of t h e  au ro ra l  e l e c t r o j e t  (Akasofu,  1966). The oval ( . o r r e sponds  
be t t e r  t o  the  r e g i o n  of i n s t a n t a n e o u s  occur rence  c,f n u r c r a  t h a n  
t h e  c l a s s i c a l  auroral zone which i n d i c a t e s  o c c u r r a n c e  averaged ove r  
a l l  l o c a l  t ime  h o u r s  and  h e a v i l y  weibhted  w i t h  n i g h t t i m e  d a t a .  
F e l d s t e i n ' s  oval was de termined  f r o m  IGY d a t a ,  whereas r e c e n t  
work ( F e l d s t e i n  a n d  S t a r k o v ,  1968) s u g g e s t s  t h a t  t h i s  s t a t i s t i -  
c a l l y  determined o v a l  shou ld  be s h i f t e d  one o r  two d e g r e e s  to- 
wards h i g h e r  l a t i t u d e s  d u r i n g  more q u i e t  y e a r s .  S i n c e  t h e  ave rage  
magnetosphere c o n s t r u c t e d  i n  t h i s  pape r  is a p p r o p r i a t e  for more 
q u i e t  c o n d i t i o n s ,  t h e  mapped o v a l  of F i g u r e  4 might b e t t e r  be 
imagined a s  d i s p l a c e d  outward by one or t w o  d e g r e e s .  
Also  shown i n  F i g u r e  4 is t h e  l o 4  i n t e n s i t y  c o c t o u r  cf  4 0  
Kev e l e c t r o n s  de te rmined  by Frank e t  al., (1964) from l o w  
a l t i t u d e  I n j u n  3 d a t a ,  T h i s  r e l a t i v e l y  l o w  i n t e n s i t y  c o n t o u r  
rough ly  co r re sponds  t o  t h e  h i g h  l a t i t u d e  c u t o f f  of  40  Kev 
e lec t rons  found by Armstronq (1965) so  t h e  F i g u r e  4 c o p t o u r  can  
be t a k e n  a s  t h e  ave rage  o u t e r  l i m i t  t o  i n t e n s e  40 Kev e l e c t r o n  
A L U X Z S  i n  t he  e q u a t o r i a l  p l a n e .  The c r o s s e s  j n  F i g u r e  4 are t h e  
p r o j e c t e d  p o i n t s  of Zmuda e t  a l . ,  
of m g n e t i c  f l u c t u a t i o n s  de te rmined  Gn t h e  l o w  a l t i t u d e  P r b i t i W  
s a t e l l i t e  196," 3 8 C .  
+.-I 
(1967) which span  t h e  r e g i o n  
F i g u r e  4 i n d i c a t e s  t h a t  t h e  a u r o r a l  o v a l  c o r r e s p o n d s  t o  
t h e  magnetopause from 0800-1200 loca l  t i m e .  To t h e  e x t e n t  
t h a t  t h e  o v a l  and t h e  f i e l d  c o n f i g u r a t i o n  a re  symmetr ica l  abou t  
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t h e  noon midnight  m e r i d i a n  p l a n e ,  t h i s  w i l l  a l so  b e  t r u e  i n  t h e  
1200-0400 r e g i o n .  T h i s  s u g g e s t s  t h a t  b o t h  d a y s i d e  a u r o r a  and  
t h e  s a t e l l i t e - o b s e r v e d  magnet ic  f l u c t u a t i o n s  have t h e i r  o r i g i n  
a t  t h e  magnetopause.  A t  e a r l i e r  l o c a l  t i m e s ,  t h e  a u r o r a l  o v a l  
is c o n t a i n e d  w e l l  w i t h i n  t h e  magnetosphere and  most q u i e t  t i m e  
a u r o r a , p r t i c u l a r l y  away from t h e  midnight  m e r i d i a n ,  o c c u r  on 
c l o s e d  f i e l d  l i n e s .  Along wi th  t h e  a u r o r a l  o v a l  p r o j e c t i o n  
o f  F i g u r e  4 i t  is of i n t e r e s t  t o  refer back t o  t h e  c o n t o u r s  
o f  c o n s t a n t  B i n  F i g u r e  2 .  Magnetosphere p a r t i c l e s  t h a t  mir ror  
v e r y  n e a r  t h e  e q u a t o r i a l  p l a n e  d r i f t  around t h e  e a r t h  on 
c o n t o u r s  of c o n s t a n t  B i f  t hey  are  n o t  s t r o n g l y  infYuenced by 
e l e c t r i c  f i e l d s .  F i g u r e  2 i n d i c a t e s  t h a t  magnetosheath p a r t i c l e s  
which manage t o  p e n e t r a t e  t h e  magnetopause (Stevenson and 
Comstock, 1968)  and  have l a r g e  p i t c h  a n g l e s  w i l l  d r i f t  t o  t h e  
n i g h t s i d e  of t h e  e a r t h  and  be focused  i n  t h e  6-9 RE e q u a t o r i a l  
r e g i o n  by t h e  conve rg ing  c o n t o u r s  of c o n s t a n t  B .  T h i s  would 
p r o v i d e  a n  e x p l a n a t i o n  f o r  t h e  h i g h  plasma and  p a r t i c l e  d e n s i t i e s  
(Bame e t  a l . ,  1967;  Anderson, 1965)  associated w i t h  t h e  weak f i e l d s  
o f  t h i s  r e g i o n .  T h i s  plasma may be a s o u r c e  f o r  a u r o r a l  
p a r t i c l e s  i f  t h e  p i t c h  a n g l e s  of i n d i v i d u a l  p a r t i c l e s  c a n  be 
d r a s t i c a l l y  changed.  
I n  F i g u r e s  5a-5d t h e  h o u r l y  a v e r a g e  v e c t o r s  a re  shown 
p r o j e c t e d  i n  m e r i d i a n  p l a n e s .  The p l a n e s  of p r o j e c t i o n  are  
t h e  l o n g i t u d i n a l  s e c t i o n s  of  F i g u r e  1 s o  t h e  h o r i z o n t a l  a x i s  R' 
is t h e  d i s t a n c e  a l o n g  t h e  curved  s e c t i o n  r a t h e r  t h a n  
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2 2 l  
t YSE ) ?  The d a t a  h a v e  been s e p a r a t e d  a c c o r d i n g  t o  ('SE 
t h e  l a l i t u d e  of t h e  sun  and o n l y  h o u r s  when t h e  sun  is below 
t h e  s o l a r  magnet ic  e r i u a t o r i a l  p l a n e  a r e  p l o t t e d .  Otherwise 
a l l  magnetosphere d a t a  from t h e  t h ree  IMP s a t e l l i t e s  a re  
shown. The f o u r  f i g u r e s  a r e  t h e  s e c t i o n s  w i t h  t h e  f e e t  of 
t h e  f i e l d  l i n e s  c e n t e r e d  on 0500-0800 l o c a l  t i m e s .  S o l i d  
f i e l d  l i n e s  have been drawn w i t h  t h e  a i d  of  t h e  d a t a  and 
knowledge of t h e  e q u a t o r i a l  c r o s s i n g  p o i n t  from F i g u r e  3 .  
Dashed l i n e s  r e p r e s e n t  u n d i s t o r t e d  d i p o l a r  l i n e s  from 
t h e  same l a t i t u d e s  a s  t h e  d i s t o r t e d  l i n e s .  The f i e l d  l i n e s  
a r e  l a b e l e d  w i t h  t h e i r  e a r t h  c r o s s i n g  l a t i t u d e .  The 
r a t h e r  r a p i d  t r a n s i t i o n  from compressed l i n e s  a t  0800 t o  
t h e  extended t a i l  l i k e  f i e l d s  a t  0500 is a p p a r e n t .  
F i g u r e  6 shows l i n e s  and  v e c t o r  p r o j e c t i o n s  i n  t h e  
noon-midnight m e r i d i a n  p l a n e  i n  t h e  same fo rma t  as  F i g u r e  5 .  
Again d a t a  w i t h  t h e  s u n  below t h e  geomagnet ic  e q u a t o r i a l  
p l a n e  have been used  and  t h e  f i e l d  l i n e s  drawn a c c o r d i n g l y .  
The o u t e r  m o s t  closed f i e l d  l i n e s  i n  t h e  noon m e r i d i a n  comes 
from 78O l a t i t u d e ,  which is s l i g h t l y  lower t h a n  t h e  81° of 
T a y l o r  and Hbnes (1965)  and t h e  82O of W i l l i a m s  and  Mead 
(1965) .  Cons ide rab le  d i s t o r t i o n  of t h e  f i e l d  l i n e s  i n  t h e  
midnight sector  is a p p a r e n t  i n s i d e  of 8 RE. 
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A f u r t h e r  r e s u l t  of t h e  a n a l y s i s  can  be o b t a i n e d  from t h e  
t o t a l  f l u x  t h r o u g h  t h e  e q u a t o r i a l  p l a n e .  I n  per forming  t h e  in -  
t e g r a t i o n  of e q u a t i o n  1, t h e  f l u x  th rough  t h e  e q u a t o r i a l  p l a n e  
o u t s i d e  5 RE and w i t h  X >-15 RE and Y > 0 w a s  found t o  be 12370 
Y  RE^^ Adding t h e  f l u x  i n  one q u a d r a n t  of t h e  geomagnetic t a i l  
which may be t a k e n  as  a TT (19R,)2 22Y = 6 2 4 0 ~  RE2 g i v e s  a t o t a l  
of 18610 Y  RE^ which may be compared t o  t h e  f l u x  th rough  t h e  
e a r t h ' s  s u r f a c e  i n  t h e  dawn ha l f  of t h e  n o r t h e r n  hemisphere 
which is 19480 Y  RE^^ 
f l u x  t h r o u g h  t h e  e a r t h ' s  s u r f a c e  and t h a t  c r o s s i n g  t h e  e q u a t o r i a l  
p l a n e  or e n t e r i n g  t h e  e a r t h ' s  t a i l  might be a t t r i b u t e d  t o  f i e l d  
The d i f f e r e n c e  of 870 y RE2 between t h e  
l i n e s  r e c o n n e c t i n g  t o  i n t e r p l a n e t a r y  l i n e s .  However, it s h o u l d  
be r e a l i z e d  t h a t  the  dimensions and f i e l d  s t r e n g t h s  i n  t h e  t a i l  
are rather u n c e r t a i n  and inaccuracies may e x i s t  i n  t h e  v a l u e  
of t h e  f l u x  c r o s s i n g  t h e  e q u a t o r i a l  p l a n e  ( see Appendix).  
Consequent ly  t h i s  r e s u l t  should be taken  a s  s u p p o r t  f o r ,  
n o t  proof  o f ,  t h e  e x i s t e n c e  of f i e l d  l i n e s  r e c o n n e c t i n g  t o  
i n t e r p l a n e t a r y  l i n e s .  
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SUMMARY AND CONCLUSIONS 
Over 1500 hours of data from the satellites IMP 1, 2 
and 3 have been combined to obtain the average magnetic 
field configuration in the region 5 - 18 RE.  Hourly 
average magnetic field vectors were rotated to solar 
magnetic coordinates and projected in the equatorial 
plane and in 24 curved longitude sections. It was 
found that the field lines from different latitudes at 
the same longitude tend to remain in the same curved 
longitude section permitting effective plotting of the 
field vectors in the curved meridian sections. 
The transition from the compressed dayside field 
lines to the weakened field strengths and extended 
field lines of the geomagnetic tail has been investigated. 
The position of the region of weakening fields is in good 
agreement with the edges of the plasma sheet determined 
by Vasyliunas (1967). Average field strength contours 
in the equatorial plane were canstructed and flux 
conservation was used to establish a quantitative 
relationship between the equatorial crossing point 
of a field line in the outer magnetosphere and the latitude 
of its earth intersection, Contours in the equatorial 
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were de termined  i n d i c a t i n g  t h e  l a t i t u d e  and  l o c a l  t i m e  of t h e  f o o t  
of  t h e  f i e l d  l i n e  c r o s s i n g  t h e  e q u a t o r i a l  p l a n e  a t  v a r i o u s p i n t s .  
These c o n t o u r s  pe rmi t  t h e  mapping of phenomena a l o n g  f i e l d  l i n e s  
between t h e  e q u a t o r i a l  p l a n e  and t h e  p o l a r  i onosphe re  i n  t h e  
h i g h  l a t i t u d e  r e g i o n  where L s h e l l s  are of  l i t t l e  use.  
The a u r o r a l  o v a l  and the h i g h  l a t i t u d e  c u t o f f  of 40 Kev 
e l e c t r o n s  have been mapped t o  t h e  e q u a t o r i a l  p l a n e .  The a u r o r a l  
o v a l  c o r r e s p o n d s  t o  t h e  r e g i o n  of t h e  magnetopause i n  t h e  sun- 
ward hemisphere b u t  t h e  l o c u s  of t h e  o v a l  moves r a p i d l y  towards  
t h e  e a r t h  n e a r  t h e  dawn mer id i an  u n t i l  t h e  i n n e r  edge n e a r  
midn igh t  is as  close a s  6 RE. 
n e t o s p h e r e  shows t h a t  q u i e t  t i m e  aurora below 68O o c c w  on f i e l d  
l i n e s  which c l o s e  w i t h i n  10 RE of t h e  e a r t h .  
l i n e  a t  t h e  s u b s o l a r  p o i n t  goes t o  78O l a t i t u d e  which is s e v e r a l  
d e g r e e s  lower t h a n  t h a t  g i v e n  by e x i s t i n g  model f i e l d s .  
T h i s  a v e r a g e  p i c t u r e  of t h e  mag- 
The outermost  f i e l d  
The combined magnet ic  f l u x  through t h e  e q u a t o r i a l  p l a n e  and  
t h a t  of t h e  t a i l  is s l i g h t l y  l e s s  t h a n  t h a t  c r o s s i n g  t h e  e a r t h ' s  
s u r f a c e .  I t  is s u g g e s t e d  t h a t  t h i s  f l u x  d i f f e r e n c e  may be due 
t o  f l u x  which c o n n e c t s  t o  i n t e r p l a n e t a r y  s p a c e ,  b u t  t h i s  is a 
t e n t a t i v e  r e s u l t  s u b j e c t  t o  u n c e r t a i n t i e s  i n  t h e  numbers used .  
APPESD I X  
I n  p r e s e n t i n g  a comprehensive ave rage  p i c t u r e  of t h e  o u t e r  
magnetosphere  it is impor t an t  to  real ize  t h e  l i m i t a t i o n s  of t h e  
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work and p o s s i b l e  u n c e r t a i n t i e s  of t h e  r e s u l t s .  T h i s  
s e c t i o n  a t t e m p t s  t o  p o i n t  o u t  t h e  causes and magni tudes  of 
sucbb u n c e r t a i n t i e s .  
P o s s i b l e  errors i n  t h e  e q u a t o r i a l  B c o n t o u r s  of F i g u r e  
2 are r a t h e r  h a r d  t o  e v a l u a t e .  T ime  v a r i a t i o n s  a re  p a r t i -  
c u l a r l y  impor tan t  i n  t h e  n i g h t  hemisphere and v a r i a t i o n s  by 
a f a c t o r  of 2 are p robab ly  common i n  t h e  B < 10 Y r e g i o n .  
Because of t h e  impor tance  of t h e s e  t i m e  v a r i a t i o n s ,  t h e  re- 
s u l t s  of F i g u r e  3 can  b e t t e r  be a p p l i e d  t o  o t h e r  s t a t i s t i c a l  
r e s u l t s  t h a n  t o  i n s t a n t a n e o u s  measurements.  
are  P robab ly  
t o o  low m u l t i p l i e d  by t h e  371 RE2 area of t h e  dawn p o r t i o n  of 
2 t h e  e q u a t o r i a l  p l a n e  (X>-15,R>5RE) c o u l d  e x p l a i n  t h e  870 YRE 
d i f f e r e n c e  i n  f l u x  i n  s e c t i o n  3 which w a s  t e n t a t i v e l y  a t t r i b u t e d  
t o  r e c o n n e c t i o n  w i t h  t h e  i n t e r p l a n e t a r y  f i e l d .  
i n  t h e  average  p o s i t i o n  of t h e  magnetopause changes  t h e  area by 16 RE . 
M u l t i p l y i n g  t h i s  by a n  a v e r a g e  boundary f l u x  of 30Y g i v e s  a f l u x  
of  4 8 0 y R E  This is p robab ly  a less s i g n i f i c a n t  s o u r c e  of e r r o r  
i n  t h e  c a l c u l a t i o n  of  t o t a l  f l u x  t h r o u g h  t h e  e q u a t o r i a l  p l a n e .  
F i e l d s  w i t h i n  5 RE d e v i a t i n g  from a d i p o l e  by 5 y  would g i v e  a 
t o t a l  f l u x  error Of 170yRE2 i n  t h e  dawn hemisphere  which is a l s o  
The a v e r a g e  B n ' s  
a c c u r a t e  w i t h i n  a f e w  gammas, b u t  B,'s on ly  a f e w  gammas 
An e r r o r  of *RE 
2 
2 
r e l a t i v e l y  i n s i g n i f i c a n t .  
E r r o r s  i n  t h e  t a i l  f l u x  w i l l  be on t h e  o r d e r  of t h e  a v e r a g e  
t a i l  f i e l d  (22Y) times a n  area u n c e r t a i n t y  r e s u l t i n g  from a 1 R E .  
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e r r o r  i n  t h e  r a d i u s .  
of a few gammas t i m e s  t h e  280 RE2area 3f one q u a r t e r  of t h e  
T h i s  u n c e r t a i n t y  is 670yRE 2 ., An e r r o r  
+ a i l  c o u l d  a l s o  be  i m p o r t a n t .  
Once t h e  magnetopause and t h e  B c o n t o u r s  of F i g u r e  2 a r e  
chosen t h e  f l u x  t h r o u g h  t h e  e q u a t o r i a l  p l a n e  is f i x e d .  The 
l o n g i t u d i n a l  dependence of t h e  l a t i t u d e - r a d i a l  d i s t a n c e  r e l a t i o n -  
s h i p  p r e s e n t e d  i n  s e c t i o n  2 ,  however depends on how t h e  s e c t i o n s  
are drawn. Using s e c t i o n s  swept back more toward t h e  t a i l  i n -  
creases t h e  area of t h e  sunward sections,  t h e r e b y  e n l a r g i n g  t h e  
f l u x  i n  t h e s e  s e c t i o n s ,  which i n  t u r n  i n c r e a s e s  t h e  l a t i t u d e  c f  
t h e  outermost  l ine  of f o r c e .  S ince  t h e  t o t a l  f l u x  is f i x e d ,  t h i s  p r o  
c e s s  r e d u c e s  t h e  f l u x  i n  a n i g h t  s i d e  s e c t o r  and r e s u l t s  i n  
more e x t e n d e d  l i n e s  of f o r c e .  Although t h e  s e c t i o n s  drawn i n  
F i g u r e  2 are r a t h e r  we l l -de f ined  by t h e  d a t a ,  u n c e r t a i n t i e s  
e x i s t  i n  t h e  r e g i o n  5-8 RE and t h i s  is p robab ly  t h e  most i m -  
p o r t a n t  s o u r c e  of error i n  F igure  4 .  The l a r g e s t  e r r o r s  i n  f i g u r e  3 
occur  n e a r  t h e  s u b s o l a r  point and are p robab ly  less t h a n  a few 
d e g r e e s .  
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FIGURE CAPTIONS 
F i g u r e  1. 
F i g u r e  2 .  
F i g u r e  3. 
F i g u r e  4 .  
F i g u r e  5a-d 
Sou the rn  hemisphere h o u r l y  ave rage  f i e l d  v e c t o r s  
p r o j e c t e d  i n  t h e  solar  magnet ic  e q u a t o r i a l  p l ane .  
S o l i d  l i n e s  deno te  t h e  ave rage  magnetopause and 
24 l o n g i t i d u a l  s e c t i o n s  which have been drawn w i t h  
t h e  d a t a  as a g u i d e .  
Contours  of c o n s t a n t  f i e l d  magnitude i n  t h e  equa- 
t o r i a l  p l a n e .  
Contours  i n  t h e  e q u a t o r i a l  p l a n e  d e s i g n a t i n g  t h e  
l a t i t u d e  and l o c a l  t i m e  of t h e  earth i n t e r s e c t i o n  
p o i n t  of t h e  f i e l d  l i n e .  
A u r o r a l  o v a l  and a s s o c i a t e d  phenomena have been 
p r o j e c t e d  a l o n g  f i e l d  l i n e s  t o  t h e  e q u a t o r i a l  
p l a n e  u s i n g  t h e  i n f o r m a t i o n  of F i g u r e  3. 
Vectors p r o j e c t e d  i n  t h e  cu rved  m e r i d i a n  s e c t i o n s  
of F i g u r e  1 i n  t h e  0800-0500 l o c a l  t i m e  r e g i o n s  
f o r  h o u r s  when t h e  sun  is s o u t h  of t h e  s o l a r  mag- 
metic e q u a t o r i a l  p l a n e .  S o l i d  l i n e s  r e p r e s e n t  d i s -  
t o r t e d  f i e l d  l i n e s  which have been drawn w i t h  t h e  
d a t a  and t h e  i n f o r m a t i o n  of F i g u r e  3 a s  a g u i d e .  
Dashed l i n e s  r e p r e s e n t  u n d i s t o r t e d  d i p o l e  f i e l d  
l i n e s  c o r r e s p o n d i n g  t o  e a c h  d i s t o r t e d  l i n e .  
l i n e s  are l a b e l e d  w i t h  t h e i r  e a r t h  i n t e r s e c t i o n  
l a t i t u d e s .  
The 
-22- 
Figure 6 .  D i s tor ted  and d ipo le  l i n e s  of the  noon-midnight 
meridian plane .  The l i n e s  are  labe led  wi th  t h e i r  
e a r t h  i n t e r s e c t i o n  l a t i t u d e s .  
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